choose to suffer from their dental problems and take pain relief medication rather than going to an oral health professional for treatment. 1 Unrelieved pain increases the likelihood of having physiological and psychological consequences, which can influence morbidity and mortality. 2, 3 In addition, pain management is an important aspect from the public health perspective. According to the American Pain Society, the financial consequences of pain are estimated at about $100 billion yearly. Furthermore, the indirect cost of pain, in terms of lost productivity, is estimated at about 50 million lost workdays yearly. 4 Dental hygiene procedures such as scaling and root planing (SRP) might be painful, unpleasant and traumatic for patients.
Contact with the gingiva during dental hygiene procedures is the main reason for this discomfort and pain. For example, "when scaling in areas with deep pockets where the base of the pocket is difficult to reach, tissue distension may be unavoidable and may lead to significant pain." 1 Another example of a painful dental hygiene procedure is the use of the dental probe to evaluate the clinical attachment loss.
Pain management is an important element to address the patient's fears and/or needs. A number of techniques have been developed to assist in alleviating the procedural pain. These range from pharmacological intervention to behavioural intervention; yet, pain management is still one of the main challenges in establishing regular dental visits. Used as a distraction technique during SRP, immersive virtual reality (VR) could possibly help dental hygienists make dental hygiene care less painful, thereby improving health outcomes.
Virtual reality is defined as a human-computer interface that enables the user to be immersed and interact with a computer-generated environment. 5 The most common applications of the VR are training simulators (flight simulators), entertainment (video games) and desensitization therapy (phobia treatment). Furthermore, VR is used in eating and body dysmorphic disorders, neuropsychological assessment and rehabilitation. In addition, VR is used as a distraction technique for painful procedures. 6, 7 The use of VR as a pain management tool was initially introduced by Hoffman et al. 2, 8 After that, many studies examined the use of VR in reducing procedural pain in different populations and settings. 5, 7, [9] [10] [11] [12] [13] The use of VR to control pain and/or anxiety in the dental setting is very limited.
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Therefore, the intention of this study is to answer the following research questions:
• Is the immersive virtual reality an effective pain management technique for patients undergoing SRP?
• Is the level of pain during SRP different between patients in the control group and those in the distraction group (immersive virtual reality)?
• Are the vital signs (blood pressure and pulse) different after SRP in the control group and those in the distraction group (immersive virtual reality)? 
| MATERIAL S AND ME THODS

| Selection criteria
| Research design
A within-subject split-mouth design was used in this study. The advantages of using the split-mouth design are that subjects serve as their own controls, and the effects of confounding variables are reduced. The participants of this study experienced two conditions: (a) without treatment condition (control/no distraction), or (b) with treatment condition (immersive VR application). All the procedures were performed by a dental hygienist.
The dental hygienist measured the probing depth, the depth of a sulcus or periodontal pocket, and calculated the clinical attachment loss, the extent of periodontal support that has been destroyed to describe the periodontal disease for each patient.
The dental hygienist performed scaling and root planing procedures for each patient during 1-hour appointments. The dental hygienist performed supra and subgingival ultrasonic scaling and hand scaling on one-half of the mouth (right/left side) without using any type of anaesthesia while the participant used the immersive VR The same procedures were performed on the second half of the mouth without the use of immersive VR To control the bias that was introduced by the way in which treatment is both allocated and ordered, random assignment methods were used. Tossing a coin was used to randomly determine the side of the mouth that would initially be treated and the sequence of the treatment conditions: whether the right or the left side would be treated first, and whether or not immersive VR would primarily be used.
| Procedures, materials and data collection instruments
The dental hygienist recorded the health history of each patient at the beginning of the dental hygiene appointment, which included some demographic and health-related information. The vital signs, blood pressure (BP) and pulse (PR) were measured after the first half of the treatment and again at the end of the treatment. BP and PR
were measured with a digital blood pressure monitor. To determine the intra-rater reliability of the dental hygienist, a repeated probing depth measurement was conducted in two patients with a total of eight quadrants on separate occasions. The correlation coefficient was (r = 0.85).
| Visual analog scale questionnaire
The dependent variable for this study was the level of pain. The level of pain was measured with the Visual Analog Scale (VAS). VAS is widely used to measure pain due to its simplicity and adaptability to different populations and settings. VAS is a common, valid and reliable pain measurement tool. 14 This instrument has been used in previous studies to determine the level of pain and to evaluate the analgesic effect of immersive VR. A participant is asked to indicate the current level or intensity of pain he or she is experiencing. The patient marks the point that he or she feels represents the current perception of pain. 10, 15 Ratings were administered after each treatment condition during short pauses in dental treatment. For this study, we used the same questionnaire items used by Hoffman et al. 8 The questionnaire consists of five questions related to pain. The participants rated how much time they spent thinking about their pain during the session, how unpleasant the dental care was, how much their teeth and gums bothered them during the procedure, their worst pain and the average pain. Participants gave ratings using 0-10 scales with cut points on the scale indicating (0) none, (1-3) mild, (4-6) moderate or (7-10) severe. Immediately after the VR treatment, participants were also asked three questions to assess presence, realism and nausea. The presence has been defined as "the subjective experience of being in one place or environment even when you are physically located in another" (p. 225). 16 To assess the presence, this question has been asked: While experiencing VR, to what extent did you feel like you went into the virtual world? Participants gave ratings using a 0-10 scale with cut points on the scale indicating that (0) "I did not feel like I went inside at all"; (1-3) "mild sense of going inside"; (4-6) "moderate sense of going inside"; or (7-10) "strong sense of going inside."
To assess the realism, this question has been asked: How real did the objects in the virtual world seem to you? Participants gave ratings using a 0-10 scale with cut points on the scale indicating that (0) "completely fake"; (1-3) "somewhat real"; (4-6) "moderate real"; or (7-10) "very real".
When exposed to the VR environment, the participant might experience some cybersickness, a form of motion sickness that occurs in VR environments. Nausea is an example of symptoms that can occur because of cybersickness.
To assess the nausea, this question has been asked: "To what extent (if at all) did you feel nausea while experiencing VR?" Participants gave ratings using a 0-10 scale with cut points on the scale indicating that (0) "no nausea at all"; (1-3) "mild nausea"; (4-6) "moderate nausea"; or (7-10) "severe nausea".
In addition, the participants were asked to identify the preferred treatment conditions: no distraction or VR distraction.
| Virtual reality equipment
An easy to maintain and simple to operate mobile-based immersive VR visualization system was used as a distraction method in this study. The system is composed of a binocular head-mounted display The Computer is used to render the virtual environments, and the virtual environments used for this study were nonviolent and inoffensive. The participants were asked to choose the type of video they wanted to watch: documentary or comedy. All the participants selected to continue the video while wearing the VR The dental hygienist reported that the VR device did not interfere with treatment and did not impair operator positioning and efficacy.
| RE SULTS
| Statistical analysis
The software package, SPSS Version 18 (SPSS Inc., Chicago, IL, USA), was used to analyse the data with a 0.05 level of significance. The
Wilcoxon signed-rank test (nonparametric procedures) was used to analyse the VAS data, since the outcome variables are based on the rank ordering of scores rather than their exact values. The Wilcoxon signedrank test was used to determine the difference in pain levels between the treatment group and the control group. In addition, the paired t test was utilized to determine the difference in vital signs (BP and PR) after each treatment. Seventy individuals were screened for the study, and 50 subjects qualified. The mean age of the subjects was 36 ± 11.843
(ranging from 18 to 54 years). Table 1 provides the characteristics of this sample.
The Wilcoxon signed-rank test indicated that the time spent thinking about pain when using virtual reality (mean rank = 11.29) was rated less than the time spent thinking about pain without virtual reality (mean rank = 12.38). In addition, the test indicated that the scaling and root planing session without virtual reality (mean rank = 21.50) was rated more unpleasant than the session with virtual reality (mean rank = 12.11). Also, the test showed that the teeth/gums bothered the patient more during the session without the virtual reality (mean rank = 14.50) than the session with virtual reality (mean rank = 15.61). A Wilcoxon signed-rank test indicated that the worst pain during the session without virtual reality (mean rank = 13.00) was rated more than the session with virtual reality (mean rank = 14.68). The Wilcoxon signed-rank test revealed that the VAS scores for the average pain perception were significantly lower during VR (mean rank = 11.05) compared to without VR (mean rank = 10.00). Table 2 provides the Wilcoxon signed-rank test.
On average, participants experienced significantly lower systolic BP after using VR than systolic BP after treatment without VR, t(49) = 2.54, P = 0.01. There is no statistically significant difference between vital signs (diastolic BP and PR) when using VR or without using VR Table 3 shows the vital sign (BP and PR) measurements.
For the assessment of VR presence, realism and nausea, the results indicate that most of the participants (84%) felt like they went inside the virtual world, 82% of the participants felt that the virtual objects seemed real to them, and 94% did not feel nausea as a result of experiencing the virtual world. Of the participants, 98% preferred using VR during SRP.
| D ISCUSS I ON
Pharmacologic regimens, such as nonsteroidal anti-inflammatory drugs, acetaminophen and opioids, might not be enough for pain This study explores the effectiveness of virtual reality as a potential method of distraction during periodontal procedures.
Distraction is considered the most common technique applied to alleviate pain during short invasive medical procedures. 15 As a distraction method, the VR effect could be explained by McCaul and colleagues. According to McCaul and Mallet, a human has a limited capacity to pay attention. The individual will focus on the painful stimuli to perceive pain. As a result, an individual's perception of pain is decreased when their attention is distracted away from the painful stimuli. 15 VR has been shown to be effective in decreasing pain perception. VR is an immersive, effective and powerful distraction technique that has a positive effect on pain. The interactive aspects of VR compete for patients' attention, therefore minimizing their ability to process incoming pain signals. 13 These advantages might be related to the fact that the participant's attention is focused on what is happening inside the virtual environment instead of in the surrounding environment.
Another theory has been proposed regarding the pain-attenuating effects of VR, which suggest that an analgesic effect could result through a sensory action (direct or indirect), such as attention, emotion, memory and other senses on pain-signalling pathways, thus producing analgesia. Analysis of functional MRI (fMRI) and functional imaging revealed an overall reduction of activities within the pain matrix with increased activity in the anterior cingulate cortex and orbitofrontal regions of the brain. Therefore, VR could be used to control a patient's perception of pain by engaging these brain regions.
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The use of VR reduced the participants' awareness of pain.
These findings are similar to those revealed by Das et al, 2 Morris
and Louw, 5 Hoffman et al, 8 Furman et al 11 and Aminabadi et al 15 The participants in this study reported a reduction of the amount of time spent thinking about pain when using VR, the rating of the unpleasantness of the experience, tooth and gum discomfort, and the ratings of worst pain and average pain, which are similar to the findings by Furman et al.
11
Unlike reports by Furman et al, 11 the vital signs (diastolic and pulse) of participants in the current study were not associated with the use of VR This finding might be explained by the use of a virtual environment in this study that is neutral, nonviolent and inoffensive, and which did not cause a change in the vital signs.
Nausea has not been associated significantly with using VR in the present study. Exposure to VR environments may cause cybersickness with symptoms that include nausea, dizziness, headache, blurred vision and feeling of moving through space (vection). The incidence of cybersickness in the virtual environment varies depending on the length of exposure, type of simulation and complexity of the devices. 19 Reported findings indicated that the majority (94%) of participants did not feel nausea while experiencing the virtual world.
This might be due to the majority of cybersickness-related studies conducted on military personnel who were using simulations for much longer than typical patients. Furthermore, the military studies required the performance of very stressful and demanding missions while the patients had more relaxed experiences. According to
Wiederhold et al, 20 the use of VR in clinical practice does not appear to cause significant cybersickness-related symptoms. 6 In this study, the exposure duration was short, and the simulation type was simple. Furthermore, individuals suffering from serious medical conditions were excluded from the study, which minimized the likelihood of having significant cybersickness symptoms.
This finding is similar to studies reported by Padrino-Barrios et al 21 ; however, it is not similar to a study reported by Furman et al. 11 Therefore, individuals with high susceptibility to cybersickness probably should not experience VR Regarding the VR presence and realism, the results of this study could be explained by the fact that the participant's senses are being blocked out of the real world by immersive images projected right in front of his/her eyes with the special headset. The head-mounted display provides a high-resolution visual display for each eye and stereo sounds through the headset, which increases the immersive feeling and presence in the virtual environment.
The present study showed that the majority of the participants preferred using VR during SRP. It seems that the preference was based on their satisfaction in minimizing pain and discomfort during dental hygiene care.
5,11,15
| Study limitations
The validity and reliability of this study might be affected by the following: the sample size was relatively small, therefore findings may be generalized only to similar populations; the study results were self-reported responses and may have participant bias; blinding of the clinician and the participants to the treatment assignment was not feasible; and the participants were aware of the experimental condition (VR) and might be motivated to underreport pain levels.
Although generalized periodontitis was selection criteria for participation in this study, no comparison between probing depth and clinical attachment level has been made between the right and the left sides of the mouth; therefore, the similarity of the sides regarding periodontal disease severity within the same participants was not controlled.
| Future research consideration
Instead of using a personal computer to generate the virtual environment, we recommend the use of a smartphone; a small and portable device is a better choice in a dental clinic setting. A microphone could be connected to the VR system; it is recommended that headsets be used in order to maintain communication between the patient and clinician.
Future studies should also consider a comparison between different groups regarding the description of periodontal disease: mild, moderate and severe, and how they managed with VR analgesia.
| CON CLUS ION
To our knowledge, this is the first empirical study to determine whether immersive VR is effective in pain management during periodontal procedures in a dental hygiene clinic in Jordan. In summary,
immersive VR has the potential to become a future method of pain control during scaling and root planing procedures. The result of this study suggests the feasibility and acceptability of immersive VR application as a pain management technique. In addition, only minor side effects were found to be associated with the application of immersive VR. 
| Principal findings
Immersive VR could possibly help to make dental hygiene care less painful and increase patient attendance, thereby improving health outcomes. Therefore, it is important for the dental health professional to implement effective pain management to reduce the incidence of periodontal diseases, increase the amount of tooth retention and enhance quality of life.
| Practical implications
We believe that a simple system like the one presented will not require any major or tedious maintenance. The system could be easily replicated in any other dental hygiene clinic to increase patient satisfaction and compliance with appointment attendance.
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